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1. INTRODUCTION

A program of measurements to investigate radio wave propagation
through ionospheric regions perturbed by the presence of ionized,
barium-vapor clouds, was undertaken during the period extending from
December, 1976 through mid-March, 1977. These investigations have been
termed the STRESS (Satellite Transmission Effects Simulations) Program.
The primary objective of the program was to define and correlate the
effects on radio wave propagation with observed characteristics of the
ionized barium regions through which the radio waves were propagated.
Fundamental to these studies were high spatial resolution measurements
of ionospheric electron density structure within the ionized barium
regions and particularly within the striated portions of the clouds.

These investigations were the objective of the rocket probe measurements
program reported herein.

The desired measurements were achieved by releasing barium vapor
from rockets upon attaining altitudes of approximately 185 km. The timing
of the releases was such that the region was sunlit. Subsequently, as
the barium-vapor was ionized and developed striations, additional rocket-
borne payloads, equipped with instrumentation to make fine-scale measure-
ments of electron density, were launched in an effort to penetrate the
striated portion of the ionized clouds. These probes provided profiles
of electron density and fine-scale structure (-1 m) internal to the clouds
as the payloads traversed these regions and external to the clouds
throughout the remainder of the flights.

The investigations were conducted from Eglin Air Force Base, Florida.
Twelve rockets were used in the program. Six of these were two-stage,
Honest John-Hydac vehicles equipped for 48 kg chemical (barium) releases
at predetermined altitudes. Six additional vehicles, two-stage Nike-Hydacs,
were instrumented with electron density probes and VHF transmitters.
Ground-based and aircraftborne instrumentation provided coverage related

to vehicle and cloud tracking and radio wave propagation effects.
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The initial barium release (Anne) was accomplished in December, 1976

as a certification round for program readiness and was not probed for
electron density measurements or propagation effects. Subsequent flights
were conducted during late February and early March, 1977 with electron
density probes accomplished for the last three barium releases. After
each barium release, radar tracking, and optical tracking (where possible)
of the resulting cloud provided inputs for computer prediction of probe
launch azimuth and elevation for a given launch time. These coordinates
were planned to permit the probes to intercept and penetrate the ioni«od
portion of the barium cloud. Figure 1.1 is a scenario of STRESS launches

for a typical barium event. Table 1.1 is a summary of launches accomplished

during the STRESS program.
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TABLE 1.1
VEHICLE LAUNCH SUMMARY - PROJECT STRESS

i
¥

Event Launch
Vehicle Name Experiment Date/Time Remarks
ST610.31-1 Anne Barium 1 Dec 76 Certification
Release 2308:37 (GMT)
ST710.31-2 Betty Barium 26 Feb 77 Not Probed
Release 2349 : 33(GMT)
ST710.31-3 Carolyn Barium 2 Mar 77 Not Probed
Release 2351:00(GMT)
ST710. 31-4 Dianne Barium 7 Mar 77 Probed at Release +15 min
Release 2358:00 (GMT) by ST707.51-1
Probed R(Release) +33 min
by ST707.51-2
§T707.51-1 Dianne Probe 8 Mar 77 Dianne early probe
0014:05(GMT) R + 15 min.
ST707.51-2 Dianne Probe 8 Mar 77 Dianne late probe
0032:04 (GMT) R + 33 min.
ST710.31-5 Esther Barium 13 Mar 77 Probed at R + 28 min
Release 2258:00(GMT) by ST707.51-3
Probed at R + 46 min
by ST707.51-4
ST707.51-3 Esther Probe 13 Maxr 77 Esther early probe
2327:00(GMT) R + 28 min
ST707.51-4 Esther Probe 13 Mar 77 Esther late probe
2344:50 (GMT) R + 46 min
ST710.31-6 Fern Barium 14 Mar 77 Probed at R + 41 min
Release 2243:00 (GMT) by ST707.51-5
Probed at R + 80 min
by ST 707.51-6
ST707.51-5 Fern Probe 14 Mar 77 Fern early probe
2325:20(GMT) R + 41 min
ST707.51-6 Fern Probe 15 Mar 77 Fern late probe
0003:10(GMT) R + 80 min
10
ATGRTRIR? 553 L9




2.  PAYLOADS - CONFIGURATION AND INSTRUMENTATION

All of the six payloads for probing the barium ion clouds were
identical, and all were propelled by two-stage Nike-Hydac motors. The
pre-launch vehicle configuration is shown in Figure 2.1. As can be
noted from Figure 2.1, the payloads consisted of four separate sections:
The main payload (including the nosespike), an Amplitude Modulated,

P-band propagation experiment, telemetry and beacon, and a section for
ballast to achieve desired vehicle performance and payload stability.

The main payload, illustrated in Figure 2.2, contained two electron

density measuring instruments, a plasma frequency probe, and a DC probe.
Each of these probes utilized a portion of the 1-m long, 6.35-cm diameter
nosespike as their sensing element in contact with the ionospheric plasma.
The payload spin axis symmetry and freedom from payload doors and mechanisms
produced a flight unit that was simple, rugged, and caused minimal effects
from wakes or spin modulation in the obtained data.

In addition to the instrumentation for measurement of ionospheric
electron density, each payload included a Heliflux RAM 5C magnetic aspect
sensor mounted across the rocket's major axis to provide a measure of
rocket spin and to give some indication of vehicle attitude and stability.
A C-band radar transponder was included to provide a signal for solid
radar tracking, and an S-band telemetry system, operating at a link fre-
quency of 2251.5 MHz provided for data transmission to the ground station.
Table 2.1 details the telemetry IRIG channels and assignments. Total
payload weight for the probes was 130 lbs, with the main payload weighing
in at 70 lbs.

11
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PAYLOAD HYDAC MOTOR NIKE MOTOR
e R P ‘ﬁ
- TELEMETRY \ /
+— BALLAST
le——VHF MODULE
e MAIN -
PAYLOAD

1 Figure 2.1. STRESS electron density probe pre-launch configuration.

TABLE 2.1
PROJECT STRESS PROBE TELEMETRY ASSTGNMENTS

IRIG IRIG
Channel Assignment Channel Assignment
Z1 DC Probe x10 17 DC Probe x100
20 DC Probe x1 16 PFP Digital
19 APFP 15 DC Probe x1000
18 PFP Analog 13 Magnetometer
3 12
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()==——DC PROBE SENSING
ELEMENT

INSULATOR ——#=

F-——— PLASMA FREQUENCY PROBE
MONOPOLE

INSULATORS——<ﬂ§-‘—GUARD ELECTRODE

+———PLASMA FREQUENCY PROBE
ELECTRONICS

INSULATORS ~+—— GUARD ELECTRODE

MAGNETOMETER ——

DC PROBE ELECTRONICS

28V BATTERIES
BEACON ANTENNA — & p

—CONTROL BOX

- —-BEACON TRANSMITTER

——~S-BAND TRANSMITTER
S 8 VCS's

S-BAND ANTENNA -]
< BALLAST

-—— VHF MODULE

Figure 2.2. STRESS payload configuration.
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DC Probe

The DC probe operates on the principle that the electron flow to
a small, positively charged electrode immersed in the ionospheric
plasma is directly related to the electron density of the plasma.

Figure 4 is a conceptual block digram of the DC probes used in the

STRESS program. As its sensing electrode in contact with the ionospheric
plasma, the DC probe uses the foremost segment of the payload nose spike
(see Figure 2.2) with dimensions as noted in Figure 2.3.

The operation of the DC probe is exceptionally simple and is illus-
trated in Figure 2.3. The current collected by the 63 cm? probe electrode
(the forward 4.76 cm of the payload nose spike) which is biased at +3 V
with respect to the rest of the payload, is fed to the electronics
system preamplifier at B. With a finite sensing electrode current caused
by electron flow from the plasma to the electrode, the voltages at C and
D are not equal, and the differential stage amplifies the difference
giving an output which is proportional to the sensing electrode current
flow. The output from the differential amplifier is fed to four ampli-
fiers having gains of x1, x10, x100, and x1000 with the four outputs
going to the payload telemetry section.

The DC probes used in the STRESS program were designed to be capable
of measuring fine-scale spatial variations of electron density. This
high spatial resolution capability is determined by the dimension of the
probe electrode, the payload velocity, and the electrical bandwidth of
the telemetry system. For these applications the telemetry system
bandwidth and the payload velocity through the ion cloud of approximately
1 km/sec limits the DC probe spatial resolution to the order of 30 cm.

The DC probe current cannot be related independently to electron
with high absolute accuracy but will give reliable relative values. This
does not present a serious draw-back here since the relative changes
ANe/No are the important values and over a limited altitude range the
electron density will be proportional to the probe current. By cross
comparison to other measurements such as an rf probe or an ionosonde the
DC probe can be calibrated in absolute numbers. This is the manner in
which we utilize this probe.

14
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Plasma Frequency Probe

The plasma frequency probe (PFP) utilizes the well established
relationships between plasma frequency, electron density, and the
reactance of a probe immersed in the plasma to provide a measurement
of electron density (Baker, et al., 1969). In the version of the PFP
flown in the STRESS program a phase-locked loop is used to track the i
frequency that produces zero phase angle between rf current and voltage
being fed to the sensing antenna. This frequency of resonance is

closely related to the electron plasma frequency, in kHz

e

P 2
£ = —e——rjﬂ = 80.6 x 10°N,(cm™?)
4m°m
e

In the absence of a magnetic field the resonance occurs at this
electron plasma frequency. The effect of the magnetic field is to
shift the resonance slightly higher in frequency to the upper hybrid

frequency

giE 3 A=t - eB
fH \J/fN + fB , where fB 2mme

The phased-locked version of the PFP which is shown in the block

diagram in Figure 2.4 utilizes the forward half of the 1-m long nose

as its antenna. The system is designed to sense the zero phase condition
of the antenna impedance at the hybrid resonant frequency and to cause

a phase-locked loop to force the rf oscillator to track the frequency
producing the zero phase angle condition. The frequency of the oscil-
lator is digitally counted for 1 msec and forms the data for a digital
plasma frequency readout. Additionally, the voltage controlling the

loop oscillator is monitored to provide an analog measurement of plasma
frequency and loop operation. The digital output provides excellent
accuracy in the measurement of electron density at samples with about

a meter spatial dimension separated in space by the distance the payload

i 16
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travels in a 16-ms sample period (~25 m). 1In order to provide higher
spatial resolution measurements, a continuous analog channel and ac-
coupled x 10 amplified channel (APFP) were provided that responded down
to about 1 meter scale size fluctuations. The range of electron densi-

ties covered by the plasma frequency probe is from about 10° to 7 x 10°%cm 3




3. STRESS PROBE FIRING SUMMARY AND GEOMETRY

The electron density probe rockets were flown in pairs into the last
three barium clouds as briefly summarized earlier in Table 1.1 and elabo-
rated on in Table 3.1 which includes a listing of parameters relevent to
the description of each flight.

Probe encounters with the barium c¢louds are described in Table 3.2
where entries under '"probe residence in the Ba cloud" were determined
from significant electron density enhancements over background as deter-
mined from the in-situ probe results. The age of the cloud is given in
minutes after release for the maximum observed electron density on each
probe flight.

To assist in visualizing the probe/cloud encounter and penetration,
Figures 3.1 through 3.5 are conceptual drawings which include the geo-
graphic coordinates of the launches, the vehicle ground track and trajec-
tory, coordinates of the barium release, and subsequent development of
the barium cloud. Probe entry point into the cloud, point of maximum
electron density, and exit point (all from electron density results) are
marked by dots along the rocket trajectory. Rocket apogee is noted in
each figure as is the track of the barium cloud vs. me.

The flight of rocket ST707.51-6 is omitted from these conceptual
drawings as the cloud track on this probe was doubtful, and the electron
density measurements were of limited usefulness as noted later in this
report (section 5).

In viewing the electron density results presented in section 5 of
this report, it is important to consider the velocity of each probe as
it moves through the ion cloud region. Since the ion cloud structure
will be aligned along magnetic field lines, perhaps the most important
velocity will be that normal to the magnetic field. To aid in viewing
the data the pertinent rocket velocities for each probe flight are
summarized in Table 3.3 for the region of the maximum measured electron
density in each case. V¢ is the total rocket velocity having vertical
and horizontal components of V,, and Vg, respectively. V}l and V l»are
the velocity of the rocket parallel to and perpendicular to the
terrestrial magnetic field.
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BARIUM RELEASE DIANE
PROBE ST 7075I1-1

RELEASE

30°30' O,‘*
SITE "A-15" — 85°
300 >

Figure 3.1. TIllustration of probe rocket ST707.51-1 trajectory. Release
point of Event Diane is shown along with the visible ionized
cloud tpack points at R+5, 10 and 15 minutes. Rocket entry
point into the cloud, maximum point and exit point (from
electron density results) are indicated by the 3 dots along
the trajectory
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Figure 3.2.

BARIUM RELEASE DIANE
PROBE ST 70751-2

EAST,

APOGEE
203 KM

I1lustration of probe rocket ST707.51-2 trajectory. Release
point of Event Diane is shown along with the visible ionized
cloud track points at R+5, 10, 15, 34 minutes. Rocket entry
point into the cloud, maximum point and exit point (from
electron density results) are indicated by the 3 dots along
the trajectory.
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BARIUM RELEASE ESTHER
PROBE ST 707.51-3

APOGEE

NORTH 219.5 KM

180 KM

RELEASE

s‘TE "A—'s"
30°30

%

30

Figure 3.3. Tllustration of probe rocket ST707.51-3 trajectory. Release
point of Event Esther is ::howﬁ-l—mth the radar
cloud track points at R+10, 20, 28 minutes. Rocket entry
point into the cloud, maximum point and exit point (from
electron density results) are indicated by the 3 dots along
the trajectory.
24




RELEASE—

Figure 3.4.

BARIUM RELEASE ESTHER
PROBE ST 707.51-4

APOGEE
199 KM

[1lustration of probe rocket ST707.51-4 trajectory.

. . ~ \ . S i T St
point of Event Esther is shown along with the radar

cloud track points at R+10, 20,

Release

28, 46 minutes. Rocket entry
point into the cloud, maximum point and exit point (from

electron density results) are indicated by the 3 dots along
the trajectory.
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e
BARIUM RELEASE FERN APOGEE
PROBE ST 707.51-5 3 249.2 KM
NORTH s
ey EAST
180 KM ;
RELEASE —
]
30°30'/
SITE "A-15" —
29° 87°
Figure 3.5. Illustration of probe rocket ST707.51-5 trajectory. Release
point of Event Fern is shown along with the radar
cloud track points at R+10, 42 minutes. Rocket entry point
into the cloud, maximum point and exit point (from electron
density results) are indicated by the 3 dots along the
trajectory.
) 26
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4. DATA REDUCTION

Data Reduction Overview

Figure 4.1 depicts the flow of data through the sequence of routines
developed to produce the final STRESS data products. The raw data for
each probe, stored on magnetic tape, consisted of a GMT time tag and
associated digital counts. Individual processing routines were developed
for each of the STRESS probes and these routines converted the raw counts
to engineering units, computed vehicle altitude associated with each
measurement and created the engineering unit/trajectory data base used
as input to various plot, list, and analysis routines. The plot/list
routines provided the capability of displaying time and altitude profiles
of the engineering unit data for the entire data set or for selected
periods of interest. A description of the mathematics involved in the

reduction routines is included in a succeeding section.

Engineering Unit/Trajectory Merge Routines

Individual routines were tailored for each of the STRESS probes
(PFP analog, PFP digital and DC probe). Each routine computed vehicle
altitude based on a quadratic fit to the raw trajectory data. A least
square polynomial routine was used in deriving the trajectory coefficients.
Table 4.1 summarizes the coefficients for each of the vehicles.

For the PFP analog and the DC probe data, the digital counts con-
tained on the raw data tape were converted to voltage using conversion
factors received with each magnetic tape. The data on the PFP Digital
raw data tapes represented direct measurements of frequency.

DC probe routines converted the voltage values (v) to current (I)
using the linear conversion expressions. The probe currents were converted
to electron densities by multiplication by the appropriate constant over
each altitude range as determined by comparison with the plasma frequency

probe and ionosonde data.

28

TS Rt =




RAW
DATA
TAPE

ENGINEERING
UNIT/ TRAJ
ROUTINE

PLOT/LIST
ROUTINES

PLOT

LIST

Figure 4.1.

ANALYSIS
ROUTINES

LIST

Project STRESS data flow.
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For the PFP Analog data, voltage (v) was converted to frequency (f)
by means of linear calibrations. Frequency for both the PFP Analog and
PFP digital data was converted to electron density(Ne)using the expression

Ne = 1.24 x 10*[£? - (1.5)%?] em™?

where f is the measured frequency in MHz.

TABLE 4.1
TRAJECTORY COEFFICIENTS

Trajectory Equation ALT = at’ + bt + ¢
(t = time in seconds after launch)

Vehicle a b ¢

ST707.51-1 -.0046 2.18059 -44.0714

ST707.51-2 -.0045 2.0799 -36.798 *
ST707.51-3 -.0045 2.157 -36.896

ST707.51-4 -.0045 2.0633 -37.102 :
ST707.51-5 ~.0045 2.296 -41.853

ST707.51-6 -.0045 2.1605 -36.6054

i
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Spectral Analysis of Electron Density Variations

A computer program was developed to analyze the variations in the
current (AL/I) or density (AN/N) as a function of time by power spectral
density analysis techniques. Negative or zero values (density) indicated
a reset pulse of the PFP was being read. The program did not accept
data values up to 19 points before or 299 points after a reset pulse.

The program linearly interpolates or extrapolates to fill in the gaps
in the data created by the reset pulse.

The program analyzes NPOIN + 1 (NPOIN is the number of input data
points usually 8192) decimated data points at a time. Each point is
found by averaging (decimating) LDEC (input data usually 1 or 5) input
points. The program averages the results to form LNN (input data usually
1 or 5) consecutive samples of I (or N) where the last value of one
sample is the first value of the next sample.

The program analyzes NPOIN + 1 points as follows. The data is de-
trended by fitting a least squares polynomial of degree NORDER (input
data) to all the input data (not including any interpolated or extra-

polated values). Form the values

1(t)[or N(t)]

f(t) = v ()

where I(t) is the value of I and y(t) is the value of the polynomial

both at time t. Now calculate

E==Z[f(r) - F(©)]?

A

where the sum is over the NPOIN + 1 data values and N equals NPOIN + 1

- number of interpolated or extrapolated data values and

1

£() = Sporn ¥ 1

& EXe) &
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Form

g(t) = f(t + At) - af(t) (a input data, usually 1)
where At is the equal time spacing of the data. Form
h(w) = Ig(t)I¥"

where

e
]
(=
+
g

R’ s 3wR, de sy 4096(»R
where
27
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h(w) is found by using a Fast Fourier Transform on I g(t).
Form g, (w) = [g(w)|? and smooth the resultant “whitened" power

i spectral density through Hamming to form gz(t). Thus

g, (W) = 8 (wp)

g, (wp) = 0.23(g1[(2 - Dwpl + g, [0 + l)wR]) +0.54 g, ()

o = 2y Fe o ., 4095
g, (4095 mR)= g1(4095 wR)
g2(4096tuR)= gl(4096 mR)
Find
= ) R ( M 2 3 i B TR \)
E, = 55¢ 2 gz(Q,wR)/ n-a cos(———l‘096)] + a“sin (lo096’ .
L=1

Renormalize 8, to form normalized answers g,

s
g, = 252 g ()

-

83(U) is the whitened power spectral density
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and

(Ew ) = 8, (Qw )/ (1 -« cos(a096)] + a’sin? (4096)

is the final power spectral density.

The frequency is often transformed to a wavenumber reading by dividing
&» by an appropriate veloc1ty constant (FIYTXS) For short-wavelength
calculatlons FIXTX§ = % 7|V X B] where V is the rocket velocity (found
from a model) and B is the magnetic field (found from a model). The sum
is over all non-extrapolated or interpolated data values. Similarly, for
long-wavelength ca{culitions let w = B x U and then forming a unit y —IYI
we have FIXTXS = |V - y| . Here U is a vector pointing from the center
of the cloud in the direction of -(E X B) based on model of cloud develop-

ment (see section 7 and particularly Eqn. 7.4)

. 2 Exd
s T e

Two types of plots have been provided: the first is a plot of the
irregularity amplitude distribution (square-root of Power [g (£f)] versus

frequency (f = 7ﬂ)) and the second is Power [g (wave- number)] * FIXTXS

versus wavenumber. Both of these plots are on a log,, versus log,, scale.
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5. ELECTRON DENSITY RESULTS

Electron density measurements were attained on all 6 flights. The
plasma frequency probe indicated proper lock onto the plasma resonance
frequency during all regions of interest with data being available on
both the straight analog channel and the APFP channel. The digital
counter, however, failed at liftoff on all but rocket ST707.51-5. The
failure did not negate the probe measurements but did make absolute
electron density values more difficult to ascertain. The repeating
difficulty was attributed to failure of an integrated circuit comparator
used to interface the rf oscillator to the digital frequency counter.

In the field attempts to determine exact cause of the failure and to
alleviate the problem were not successful with the possible exception of
probe ST707.51-5 which did give complete results on the digital channel
as well as the analog channel. The cause of the integrated circuit
failures is still not understood past the fact that it appears that a
high voltage transient is somehow generated in conjunction with the
rocket ignition that is coupled back through the antenna to the com-
parator and wipes it out.

The DC probe provided consistently good results on all but the
last flight (ST707.51-6). Some difficulty was encountered with the high
humidity at the launch site producing leakage currents, but these did
not impair the measurements in the region of the barium cloud except on
rocket ST707.51-6 which did not yield any meaningful data. Data were
obtained on the analog PFP channel but are of limited accuracy.

The electron densities profiles are presented for each rocket

flight.

Rocket ST707.51-1
(Dianne, R+15 min)
The electron density profile measured on rocket ST707.51-1 flown
at release +15 minutes for event Dianne is shown in Figure 5.1. Also
shown for comparison is the apprcximate electron density profile of the

undisturbed ionosphere (dotted ¥ine) as determined by probe measurements
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Figure 5.1. Electron density profile from probe flight

ST707.51-1 on event Dianne (R+15 min). The
dashed line shows the undisturbed F-region.
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above and below the cloud region and measurements on rocket descent. A
check was also made by comparing the F-region density with the ground
based ionosonde value. It is obvious that the rocket probe traversed
the region of enhanced electron density associated with the barium ion
cloud over the altitude range from about 150 to 180 km. The peak electron
density of the barium cloud layer of 1.4 x 10°%cm™ ® found at 162 km is
about a factor of 100 larger than the electron density at that altitude
in the undisturbed ionosphere. The layer is relatively smooth and
devoid of large scale structure that would be expected if cloud stria-
tions had been penetrated. The layer has a width at half amplitude of
10 km in vertical extent which would correspond to a movement of the

rocket probe of 6 km across the terrestrial magnetic field.

Rocket ST707.51-2
(Dianne, R+34 min)

Rocket probe ST707.51-2 was flown in event Dianne about 19 minutes
after ST707.51-1 and just penetrated the edge of the ion cloud as can be
seen in the profile presented in Figure 5.2. The peak density found
was the same as the earlier probe (1.4 x 10°cm™?) but the penetration
was at the higher altitude of 182 km. The sharp feature at 182 km has
an electron density about 2 orders of magnitude over the ambient density
and is imbedded in a broader region of enhanced density more of the shape
of the profile found on ST707.51-1, but with less density and at a higher
altitude. The apparent higher altitude of the layer is due to the late
penetration of the cloud since the rocket flew to the north of the cloud
(see section 3, Figure 3.2). The sharp finger rises above the broader
region by about an order of magnitude. The finger has a width (half
amplitude) of about 1.5 to 2 kilometers in extent either vertically or

normal to B.
Rocket ST707.51-3
(Esther R+28 min)

The electron density profile measured on probe rocket ST707.51-3
which penetrated the barium cloud Esther at about 28 minutes after release

is shown in Figure 5.3. The profile is smooth, showing no large scale
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Electron density profile from probe flight
ST707.51-2 on event Dianne (R+34 min). The
dashed line shows the undisturbed F-region.
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Figure 5.3. Electron density profile from probe flight
ST707.51-3 on event Esther (R+28 min). The
dashed line shows the undisturbed F-region.
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structures of evidence of cloud striations. (The sharp peaks in the
E-region are sporadic E-layers not associated with the barium release.)
The layer associated with the ion cloud has a peak electron density of

7 x 10%m™% at 177 km with a width (half amplitude) of 24 km. At the
peak of the layer the density is enhanced over the ambient (determined by
rocket descent) of nearly an order of magnitude. For comparison with

the ion cloud formation, the rocket trajectory is superimposed upon

the electron density contours measured by the ground-based radar in

Figure 5.4 (courtesy SRI, Victor Gonzalez).

Rocket ST707.51-4
(Esther R+46 min)

The second probe rocket (ST707.51-4) flown into the barium cloud
Esther at release plus 46 minutes penetrated the ion cloud and produced
an electron density profile, Figure 5.5, that showed large scale struc-
tures in the 163-178 km region imbedded in a general layer similar to the
layer probed by rocket ST707.51-3 (Figure 5.4). The observed layer has
moved down from the earlier 177 km height to being centered at about
170 km. The peak value of electron density at 173 km of 5 x 10%cm™3
shows an enhancement of about two orders magnitude over the normal
ionosphere.

The entry of the rocket probe into the striated cloud region is
consistent with the cloud geometry as determined from electron density
contours furnished by SRI from the ground-based radar returns (courtesy
Victor Gonzalez) (due to the ambient light level, no optical images
of cloud and striations were possible). Figure 5.6 shows this cloud
geometry, the rocket trajectory and the region of expected striations
from a simple barium cloud model (see Section 7). An expanded version
of the electron density structure as the probe penetrated the striated
region is shown in the time plot of Figure 5.7. This plot shows the
electron density from T+140 to T+160 sec of probe rocket flight time.
This includes all of the striations penetrated by the probe in the
altitude region between 163 and 178 km. For discussion, the striation
fingers have been numbered. The features have varying widths (half
amplitude) from 0.17 sec (feature 9) to 2.45 sec on feature 7. Note

how some of the fingers, notably 3 and 6, have very fast
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Electron density profile from probe flight
ST707.51-4 on event Esther (R+46 min). The
dashed line shows undisturbed F-region.
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Figure 5.7.

Region of electron density striations measured
from T+140 to 160 seconds (163-178 km) on probe
flight ST707.51-4 (Esther R+46 min). The

density striations are numbered to aid discussion.
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fall times (about 20 milliseconds). Figures 5.8 and 5.9 show a further
magnification of portions of the striated region to facilitate a better
visualization of the structure shapes.

Relating the observed variations to spatial feature geometry is not
simple since the observations represent a single path cut through the
spatial structure. The observations of the striation features (fingers)
are summarized in Table 5.1. As a first attempt to relate the observa-
tions to spatial structure, the dimensions of the features across mag-
netic field lines is given bu utilizing the component of the rocket velocity
perpendicular to the terrestrial magnetic field (800 m/sec). The total
rocket velocity at this time is about 1310 m/sec so all dimensions would
be about a factor of 1.6 larger as measured by actual rocket probe cut
through the structures along the flight path. If the velocity normal to
the V - E x B/B direction (345 m/sec) (see discussion of section 7)
were used, the features would be 40% of those given in the table.

The peak density (feature 7) of 4.7 x 10°cm 3 is a factor of 6 larger
than the valley following it. The density falls after the last structure
(feature 10) from a value of 2.5 x 10°cm=3 over an order of magnitude

in about 30 m travel normal to B.
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Rocket ST707.51-5
(Fern, R+42 min)

Probe ST707.51-5 penetrated barium cloud Fern at 42 minutes after
release giving the electron density profile of Figure 5.10. The probe
entered the enhanced region due to the cloud at 130 km indicating the
effects of the cloud extended well down into the E-region. The enhanced
region extended on the high side to over 200 km. The main electron
density layer showed a broad peak of 1.3 x 10°cm ° at about 150 km and
showed a relatively smooth profile up to about 170 km when structures
appeared giving evidence of passing through a striated region of the
cloud. This region of striations persists until the electron density
appears to return to the normal F-region values at about 210 km.

The region of striations are shown in the time plot of Figure 5.11
to allow a better visualization of the structure of the striations. An

analysis of the spatial structure of this region is given in section 7.

Rocket ST707.51-6
(Fern R+80 min)

No profiles are presented for probe ST707.51-6 since the electron
density measurements were of limited usefulness. The enhanced region
of electron density associated with the ion cloud was observed and ex-

tended over a large altitude range from about 112 to over 200 km.

Table 5.2 is a summary of the STRESS probe results.
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6. SPECTRAL ANALYSIS OF THE ELECTRON DENSITY VARIATIONS

The concentration in this section is on the examination and compari-
son of the spectral analysis of the variations of the electron density
results which were presented as height profiles in the previous section.
These data are presented in two subsections: Short Wavelength Charac-
teristics (less than 50 meters) and Long Wavelength Characteristics
(greater than 50 meters). The DC probe results from x1 gain range
(IRIG channel 20), which had sufficient bandwidth to allow 10 KHz digiti-
zation (for the Short Wavelength Studies), were utilized. First, for the
Short Wavelength Characteristics, Fourier transforms of the detrended
electron density data were obtained every 0.8192 sec. They were spec-
trally smoothed by averaging each successive 5 spectra,and these resulting
spectra are presented in this section. The irregularity amplitude (AN/N)
spectra are shown in the frequency (time) domain in order to identify non-
atmospheric induced characteristics (e.g. rocket spin effects; a 60 hz
ground station pick up). Spatial scales are added to the figures, when
appropriate, which are obtained by utilizing the rocket velocity perpen-
dicular to the magnetic field (of course, another rocket velocity e.g.
that parallel to the magnetic field, could have been used.) Spectra
are shown in detail for the two rockets that penetrated the striated
barium clouds - rockets ST707.51-4 and ST707.51-5. A few spectra from
rocket ST707.51-3 which preceded rocket ST707.51-4 through the same
barium cloud (Esther) but with no evidence of striations at that time
are shown for comparison purposes. With respect to the Long Wavelength
Characteristics, preliminary calculations have shown that only the rockets
that penetrated the striated barium regions exhibit spectral distributions
that increase in amplitude at these wavelengths (and only in the striated
regions). For rocket ST707.51-4 (Esther), the striated region is from
140 to 160 sec rocket flight time, corresponding to rocket altitude from
165 to 178 km. For rocket ST707.51-5 (Fern), the striated region is
from 120 to 160 sec rocket flight time, corresponding to rocket altitude
169 to 210 km. These long wavelength data are discussed briefly since

the next section (7) discusses the results in detail.
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Short Wavelength Characteristics

Rocket ST707.51-4

This rocket entered the barium cloud (Esther) at 125 sec (150 km),

entered the striated region at 140 sec (165 km), departed this region at

160 sec (178 km) and was out of the cloud into the normal atmosphere

at 180 sec (188 km). The first series of spectra examine the characteristics
of the unstriated barium cloud from the time of rocket penetration to the
striated region (125-140 sec) using the spectral smoothed results (average

of 5 spectra, total interval about 4.1 sec). The spectra prior to

125 sec all look alike and are the same as those obtained after the rocket
leaves the barium cloud. This spectrum is shown' in frequency because it
identifies so clearly the effect of the spin of the rocket on the electren
density measurements (fundamental at 6.0 Hz plus upper harmonics) and a
ground station pickup superimposed on the data (60 Hz plus odd harmonics

most visible). These both can be, of course, eliminated by filtering but

are useful in the following discussions as reference points since not

only is the irregularity structure of the electron density changing (AN),

but also the electron density (N). The next spectrum (Figure 6.2) at 128.24
sec (from now on only the end time of the sample interval will be identified)
when the rocket is within the unstriated barium cloud shows distinct

changes from the previous one. First, with exception of the interval

from about 700 Hz to 10° Hz, the whole spectrum has moved down in level as
expected due to the increased electron density (N) in this interval. However,
not expected is the increase in amplitude in the interval 700 to 10° Hz
(lower scale) which corresponds to scale sizes of approximately 1.1 to 0.8
meters as measured across the terrestrial magnetic field (upper scale).

he rocket velocity perpendicular to the magnetic field is about 760 m/sec

in this time interval. The next figure (Figure 6.3) at 132.14 sec, shows

a distinct increase at about 1.1 meters (by about a factor of two) compared
to the previous figure. Note also the relative heights of the peaks in

both figures compared to the "300 Hz reference spike" as well as relative

to the constant lowest level at the highest frequencies/lowest wavelength
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both of which indicate the growth of the peak. More subtle is the
increase in power in the wavelengths from about 10 meters to 1.5 meters.
The next two figures (Figure 6.4 at 136.4 sec and Figure 6.5 at 140.5 sec)
show this increase in the interval 10 to 1.5 meters more distinctly as
well as the disappearance of the peak and the increase in the electron
density (N). Note throughout Figures 6.1-6.5, the lower frequencies
(wavelengths greater than 10 meters) have not changed and that at wave-
lengths less than about 0.35 meters the level is constant. The concen-
tration in this section is an examination and comparison of the data at
the short wavelengths but it will be pointed out, when appropriate, the
changes occurring at the longer wavelengths (50 to 500 meters) since in
this section (compared to the next - Long Wavelength Characteristics)
shorter time (and spatial) intervals are examined.

The next series of spectra, Figures 6.6-6.10 cover the striated
region of the cloud, from 140.5 to 161 sec; 5 spectra (each averaging
5 spectra) each in the time interval of 4.1 sec (see Figure 5.7 of the
previous section which shows the striated region in the electron density
profile). The first spectrum, Figure 6.6, covers the time interval
140.5 to 144.6 sec, the beginning of the time when the rocket enters
the striated region through the first two "fingers" (peaks in Ng).
Compared to the previous spectra, immediately apparent is the increase
in irregularity amplitude at the higher wavelengths (from about 10 to
800 meters). The Long Wavelength Characteristics in the next section
show this increase over the whole striated region, not just, as in this
case, at the beginning. This spectrum does confirm, however, that the
longer wavelengths are only increased in irregularity amplitude or
power in the striated region as compared to the unstriated barium cloud.
(Figure 6.10 the last spectrum in the striated region compared to Figure 6.11

the first spectrum back in the barium cloud shows this also.) The next

few spectra are all pretty much the same as Figure 6.6 except that Figure 6.7
shows a steeper slope than the other lower altitude spectra at the higher
wavelengths (10 meters) and Figure 6.8 shows a higher slope at the very
short wavelengths (<1 meter) as well as a distinct increase in irregularity

amplitude between 1.6 and 0.8 meters. Figure 6.7 covers the interval
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where the rocket goes through the most "fingers'" (finger Nos. 5 & 6) which
have the sharpest slopes (see Figures 5.7 and 5.8 of the last section
showing the striated region in detail). Figure 6.8 covers the interval
where the electron density has its highest value (finger no. 7) and for
a relatively longer period (again see Figures 5.7 and 5.8). It is also
interesting to note that Figure 6.9 which only covers one '"finger" (finger
no. 8) is very similar to the others which cover two or more.

The next series of spectra Figures 6.11-6.14 cover the time interval
161 to 177.4 sec when the rocket is back in the unstriated barium cloud
until the rocket leaves the cloud. First, Figure 6.11 compared with
Figure 6.10 shows (1) the decrease in irregularity amplitude in the longer
wavelengths (>50 meters) to a slope like that before entering the striated
structure (2) a decrease in the region 10 meters to about 1 meter (3) an
increase and peaking at about 1 meter and (4) the lowest wavelength
spectra about the same. Figure 6.12 continues this trend with the peak
first decreasing in amplitude towards the longer wavelength side giving
the appearance of a shift of the peak to shorter wavelengths. Figure 6.13
continues to show the decrease out to the longer wavelengths until by
Figure 6.14 (the last spectrum in the barium cloud) the spectrum looks
like Figure 6.1. Note also how Figures 6.11 & 6.12 compare to Figure 6.3
and Figure 6.13 compares to Figure 6.2. In other words the phenomenology
before entering the striated region looks the same as that after leaving

the striated region.

Rocket ST707.51-5

The electron density results from rocket ST707.51-5 (Fern) are

obviously different from rocket ST707.51-4 as shown in the previous section,
but what about the short wave irregularities amplitude characteristics?

The discussion will be in two parts (1) the unstriated barium cloud from

90 to 120 sec (128 to 169 km) and (2) the striated region 120 to 160 sec
(169 to 210 km). The spectra up until barium cloud entrance are pretty
much the same and look like the spectra in the undisturbed atmosphere

above 218 km - and like the spectra from rocket ST707.51-4 outside the
barium cloud. The first distinct change is shown in Figure 6.15 for the
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time interval 99.6 to 103.7 sec. A sharp peak is formed at 1260 Hz on
the frequency scale which is 0.25 meter in wavelength (rocket velocity
perpendicular to the magnetic field at this time 300 meters/sec). Note
that for rocket ST707.51-4 (Figure 6.2) the peak occurred at 1 meter
and also different is the fact that the frequency of the peak was near
750 Hz with the rocket velocity perpendicular to the magnetic field 760
meters/sec. The next series of figures until rocket entrance into the
striated region Figures 6.16-6.19 show the growth in power in the region
from about 10 meters to about 0.2 meters.

The spectra in the striated region of the cloud from 120 to 136.5
sec (157 km to about 175 km) are all about the same and Figure 6.20
is representative of the irregularity amplitude spectrum for this region.
This spectrum compared with one from rocket ST707.51-4 in the striated
region, e.g. Figure 6.7 shows similarity for the short wavelengths.

From 136.5 sec to departure from the barium cloud near 160 sec (210 km)
there is a general decrease in irregularity amplitude in the spectra as
shown in three representative spectra; Figure 6.21 (140.6 sec-191 km),
Figure 6.22 (153 sec-203 km) and Figure 6.23 (161 sec-210 km). The latter
figure is representative of the spectra obtained up to rocket apogee of
250 km. Note that rocket ST707.51-4 came out of the striated region
abruptly into the background barium cloud whereas rocket ST707.51-5 went
from a gradually decreasing striated region (and of course not nearly

as striated as ST707.51-4) into the normal ionosphere.

In Figures 6.1-6.23 amplitude distribution of electron density
irregularities (AN/N) versus frequency (lower scale) and spatial dimen-
sion (upper scale) derived from the rocket velocity perpendicular to the
terrestrial magnetic field. The spectral distributions were derived by
taking a fast fourier transform (FFT) of the detrended AN/N results digi-
tized at a 10 kHz rate over about 0.8 seconds and then averaging over 5
spectra for a total time of about 4 seconds for each plot. The rocket
probe number and time and altitude of the end of the 4-second period of

the spectra are shown on each figure.

56




s e — o

WAVELENGTH (METERS)
1000 100 10 I

10" -n ™T ) L i SRR kbl B T T ‘u:
e |
x E : ]

z|2 L ; i

d l -

— 0% =]
=) £ ]
E
A | ]
S 07 ~4
q E 3
r 5 g
E ¥ ST707 51-4 7
g 1 TIME 1233 T
= 04— ALTITUDE 147 7 -
D t -

3 3
@ = 3
14 r ]
T i ]
4
10-5 2 A.l“ul 1 lLllm[ anlun[ LA_Ll_lull el e
(op 10° 10 10° 10° 10*
FREQUENCY (Hz)
Figure 6.1
WAVELENGTH (METERS)
. 1000 100 10 I A
10 Er T 'vn['v ™ i e b AL T g
(2] = 3
z - B
z|z i ' ]

P ; i

—— 10'2'_—- Vi 3 " —
> g P g
[ 5 v 1
Sl ¥ .
T .

2 107 —
q - 3
> L i
= o a ]
ha ¥ ST70751-4 ]
q TIME (27 a
5! 04— ALTITUDE 151 6 e
o} 2 3
W = -t
@ b 1
g R
'0-5 " A.l.ui L llllnn[ - 411““] IJ_L]J“II sl
0! 10° 10’ 10° 10° 10*

FREQUENCY (Hz)

Figure 6.2

57




)

ANpgus
N

IRREGULARITY AMPLITUDE (

}

ANgus
N

IRREGULARITY AMPLITUDE {

WAVELENGTH (METERS)

1000 100 10 I A
o
10 -., ™ ]l"lle T In|l||l T ]!Il]‘ll T ]m]vvv ;i | ‘lrv-j
10— )
3 3
= o =
IO'S_'._—" =
: ST707.51-4 :
TIME 131.5
10" %— ALTITUDE 1553 —
= 3
105t~ PRI A DT ml AL,LAIAIIAI n .‘l“ul Ll
0" 10° 10’ 102 10° 10*
FREQUENCY (Hz)
Figure 6.3
WAVELENGTH (METERS)
1000 100 10 | A
|
10" ey T T T
2 R
2k -
10 3 E
= g 3
'0'!:_ 4
3 ST7075i-4 i
TIME 1356 i
10 44— ALTITUDE 158 9 =
- J
'05 & lAlllllI n l.‘lunl n lAllllAl Rk AIAIJA[ il
0" 10° 10’ 10% 10° 10*

FREQUENCY (Hz)

Figure 6.4

58




\

ANRgus
N

IRREGULARITY AMPLITUDE (

)

ANRgums
N

IRREGULARITY AMPLITUDE (

WAVELENGTH (METERS)

1000 100 10 | & |
|0‘H1Yr, § Sl S i R il LU ] o
F i
L 4
10’21:—‘ 3
E 3
r £
'0-5? Wl . j
= v B
3 S
ST707 51-4
L T

TIME 139.7

10°%-- ALTITUDE I62.3 =
3 ]
L i
103 T .l._mi 2=l xluu} o AlLJIAl kot ~.uj
0" 10° ' 10? 10° 1o*
FREQUENCY (Hz)
Figure 6.5
WAVELENGTH (METERS)
1000 100 10 ] |
|o'I glww e ru]n —r— ]"ITW ) g 2 rvlpv s rn]vv ™7 [1:
- §
0= E
- p

Lt L o

A e 'uva

ST707 51-4
TIME (438
ALTITUDE 1656

aectucii il

ks bigiil

Cokin

sk Ahu_LL " ‘LL‘IIAJL Lokt it litings,

10°

lol '02 IOJ loa
FREQUENCY (Hz)
Figure 6.6

59




————

)

ANpgys
N

IRREGULARITY AMPLITUDE (

)

ANpys
N

IRREGULARITY AMPLITUDE (

WAVELENGTH (METERS)

1000 100 10 | |

10" prrrr ]'trrl-v T i LI ‘lu[vv ™ Tquv 5
103~ ~
3 E
IO’S':— ‘ =
s A \ 3
C & 2

S e :
ST707.51-4 Rl i
TIME 1479 e T
10°Y— ALTITUDE 168 7 Vo iy —
L ]
jortle ealeind et o il

0" 10° 10' 0% 10° 0%
FREQUENCY (Hz)

Figure 6.7

WAVELENGTH (METERS)
1000 100 10 |

A

10 grrTT lnrrrv ™ lnvl. ¢ 3 T ]'HI" g | ]qu"ﬂ"v_m

4

1072} o

10— . =

E , 3

o oS H =

= 3 4

ST70751-4 “ 2

i TIME 152 0 b T

'o“:__ ALTITUDE 171 7 9 ‘,"' —

3 E

oy -

r ]
10° PRV | SRR TN e 1.luul FEE FoTy

o' 10° 10' 10° 10* 0*
FREQUENCY (Hz)

Figure 6.8

60

R B2




)

AN s
N

IRREGULARITY AMPLITUDE (

)

AN gus
N

IRREGULARITY AMPLITUDE (

WAVELENGTH (METERS)

: 1000 100 10 | o
107 hlu ™7 Invx!tt T |l|l|1'I rflnl‘!l1‘r l"r]rrrr ]v
L
10—
E
& Al
IO"";-' Ny %
I ST70751-4
TIME 156.1
|04~ ALTITUDE 1745
10-5 ik -AlmL IR .A[‘ul Ty “llul ! njxlml ! .i;lu
10" 10° 10’ 10° i0* 0*
FREQUENCY (Hz)
Figure 6.9
WAVELENGTH (METERS)
) 1000 100 10 | I
10" prrr Ty T T T
L ]
10'2:—- =
= =
+ =8 N -
IO‘S:— . _j
e =
¥ ST707.51-a 1
TIME 160 2 7
O 4—  ALTITUDE 772 -
2 <
o B
b - .
o ISP ] ST OO 7L MU (7 [T DT Ao
0" 10° 10' 10? 10° i0*

FREQUENCY (Hz)
Figure 6.10

61




1
|
‘ WAVELENGTH (METERS)
g 1000 100 10 | A
:, 10 :T” % ‘"11111 T ]"I’l'_' T Tﬂr"nﬁf1 ]"I,'r ™7 l‘i
[0} = b
b3 - ]
3 - il
zZ\|2 A
d
— 0%~ =
o] C : ]
=
0 - s =
Qa -3
S 10 E- =
q E 3
> = =
£ i ST707SI-4 1
g TIME 164 3 T
5] ,0-4_ ALTITUDE 179.7 =
o E 3
¢ F E
m r~ B
- - 1
'0—5 R [T AllAA.Il[ T nluul L AAlJllll P ST

0™ 10° 10’ 10° 0* i0*
FREQUENCY (Hz)
Figure 6.11
WAVELENGTH (METERS)
-} 1000 100 10 I A
10 :|H yoy Iv"[" ™ I"l]'rl T ]Vu]n T Imlvv YT g
(%] = 3
P - ]
(14 - 4
zZ\|2 2 J
d

~— 10'2:—‘ o
2 : ]
:' b " -
% 10— =
q E E
> = o
= ® o
@ L ST707 51-4 )

g TIME 168 4
- | 10°%4— ALTITUDE 182.0 —
b 3 E
8 . =
'0—5 i .luul t .luul i Alllll[ 1 AJJ.IAIII PR S

a

o' 10° 10' 10? 10°*
FREQUENCY (Hz)

Figure 6.12

62




—

AN gms
IRREGULARITY AMPLITUDE N

)

ANgums
N

IRREGULARITY AMPLITUDE (

WAVELENGTH (METERS)

. 1000 100 10 | A
10 ETrf. L i LB L LA L L e L A
102~ -3
10— —.J

d .
i ST70751-4 )
i TIME 1725 )
'0-4_ ALTITUDE 1843 _3
2 E
+ 4
|o~5 ] LJ!AIIILL L .luul P ‘lnu[ 1#11.:114 cali
10" 10° 10' 10° 0® 10*
FREQUENCY (Hz)
Figure 6.13
WAVELENGTH (METERS)
1000 100 10 I A

-

10 T ImI” T ﬁlnvlv|v T !'"I’ll = Pn—]vv- vjx-
X 4
10— -.j
3 ’ =

f" . i

10— =
5 3

B ST707.51-4 1

" TIME 176 6 b
'0.41__ ALTITUDE 186 3 -
£ e
1050 PR YT .l.m[ " AJLqu L ._aJuul WY P

10" 0° 10’ 10° 03 10*
FREQUENCY (Hz)
Figure 6.14

63

s L, Sl




)

AN gus
N

IRREGULARITY AMPLITUDE (

)

ANgums
N

IRREGULARITY AMPLITUDE (

WAVELENGTH (METERS)

1000 100 10 | b |
lO" ]m[n L | I"'I" ™% lrvrTvr‘r—f Im[vrT‘r ]’HT[IY g
2 Wi
10 ’E— }
=
IO'S:— =
8 ' ]
ST70751-5 ' i ;
,,J TIME 102 9
o E__ ALTITUDE 1450 o
= =
5
e -1 By L] DI Ve R | R T B
0™ 10° 10’ 10° 10* 10

FREQUENCY (Hz)

Figure 6.15

WAVELENGTH (METERS)
1000 100 10 |

10 T T T T
B T LR ™ Jois
= 3
. 3
1072~ -~
- .
1073}~ ?
ST70751-5 T
TIME 106 9 P
0 ALTITUDE 1506 ~-t
]

10°

10" 10° 10' 10? 10°

FREQUENCY (Hz)

Figure 6.16

64

WL P s



)

AN gus
N

IRREGULARITY AMPLITUDE (

|

ANgus
N

IRREGULARITY AMPLITUDE (

WAVELENGTH (METERS)

1000 100 10 | .
Io-' o I""” ™ Ivrvlv y L Trrr” T Inr"vl ™7 ]m]lv T
E =
I 1
- ]
ol =
= 3
L 3
10— —
E E
3 : 3
i ST70751-5 $ ; 1
TIME (11O ]
IO—G.__ ALTITUDE 1560 —t
L 1
1S D771 TS T PRI VY01 MRS (PPl AR P
0™ 10° 10’ 10° 10® 10°
FREQUENCY (Hz)
Figure 6.17
WAVELENGTH (METERS)
1000 100 10 1 I
10" T
2 =
10 2l —
IO-S_— =
y ST707.51-¢ ; i
9 TIME 1151 1
o ALTITUDE 16/ 3
B
s
iG® P PEPP) PRI T BRI FTYT) BT
0’ 10° o' 0®

FREQUENCY (Hz)

Figure 6.18

65




)

AN pgms
N

IRREGULARITY AMPLITUDE (

)

AN gms
N

IRREGULARITY AMPLITUDE (

WAVELENGTH (METERS)

1000 100 10 I A
10" I-u]--rr A ]nl]n i lm]nvﬂ Im]vv ™
I -
'045_ =4
o o
i ST70751-5 T
i TIME 119 2 il
10'4‘:— ALTITUDE 166 4 !
L -4
|°-5 i ‘luul 1 .hml n J_A_lljlll I LAlu_ul 1 ;
0" 10° 10’ 10? 10° i0*
FREQUENCY (Hz)
Figure 6.19
WAVELENGTH (METERS)
: 1000 100 10 | N
10 f T Im]n Y l"l'll( T ]'llIIIY T lnrluvr T ’nlew:
(o7

7 'Il'”[

(¢}
.r‘rrrnT

T

107

e l""[

103 s ST P .lnml Bk shiwil Lk .luul L1 :]'IAIA

b Rl

ST70751-5
TIME 1315
ALTITUDE 1809

e wbixl

ik

(o

10° o' 10? 1o* o*
FREQUENCY (Hz)
Figure 6.20

66




)

AN gms
N

IRREGULARITY AMPLITUDE (

|

AN gms
N

IRREGULARITY AMPLITUDE (

o i

0%

T 1—7—”nll

:

i

s P

WAVELENGTH (METERS)
100 10 I

3

b it

107} =
i ST707.51-5 i ]
TIME 1397
04— ALTITUDE 189 8 —
r ]
10° T 510 el P TN £t e s 1) L A..l.i'llu
0" 10° 10' 10? 10° 0*
FREQUENCY (Hz)
Figure 6.21
WAVELENGTH (METERS)
¢ 1000 100 10 I A
10 F T 'mp' T I‘TYTTTI T ]uv]n 3 1 ImTrvﬁ T ]m]- ]
3 =
4
10 ?:'— =
107
- %
”' ST70751-5
TIME 152 O
IO"&L“ ALTITUDE 2020 =
; ' 33 4
ot bl
10*

o

| PR 1) s s
10’ 10° 10°

1o
FREQUENCY (Hz)
Figure 6.22

67




WAVELENGTH (METERS)

1000 100 {e} i A
'ITYT\'Y' T 1!'!'7' x W "Hlll | ]’T'""TT I'll Tr

s\
T
g

U ST

AN gm
N

B LR
gy Aluul

10°

T XYTrrrrI

ST707.51~5 ‘o Vape sEE
TIME 160 2 :
|o"4— ALTITUDE 2094

Je ST gy bl

IRREGULARITY AMPLITUDE (

LRy

'0—5 " L.l.ml 1 1.l|uxL. lllAAAAl L LA_hu.l VB E I
0" 10° 10' 10 10°

60

FREQUENCY (Hz)

Figure 6.2

S i s AW WS




Long Wavelength Characteristics

Rocket ST707.51-4

The power spectrum shown in Figure 6.24 was obtained over the time
interval from 140 to 153 sec of rocket ST707.51-4 (Esther) utilizing the
DC probe x1 data. These data were decimated by averaging together 16
points and detrended by fitting to a polynomial of degree 3. Note the
uniform slope between .2and 50Hz. Figure 6.25 shows the power spectrum
for rocket ST707.51-5 (Fern) in the striated region. The data were
decimated by averaging together 80 points and detrended by fitting to a
polynomial of degree 3. These results are very similar to Figure 6.24

with the slope not quite as steep however. The implications of the

‘ Long Wavelength Spectra are discussed in the next sections.
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7. COMPARISON BETWEEN THEORY AND OBSERVATION OF BARIUM CLOUD STRUCTURE
1. Location Of Large Scale Striations
In this section we relate the data to the predictions of linear and
nonlinear theory for the structures which develop in large barium clouds.
The basic phenomena can be understood in relation to equation 7.1 which
relates the velocity ?L_of a barium cloud perpendicular to the Earth's
magnetic field B to the ambient electric field E and the neutral wind

Gn (Haerendel et al., 1967)

= *
= 2 ExB W
S e i e s (1)
A +1 B” 2 B

where

* integrated cloud conductivity + integrated background conductivity

A= N

integrated background conductivity

We have dropned a term of order vin/Qin’ the collision frequency of ions
divided by their gyro frequency, which is valid at the altitude of the
clouds studied. 1In the case of a small cloud A*'l, and the cloud moves
with the perpendicular velocity Exﬁ/Bz. For a large cloud, A* can be-
come significantly larger than 1, which is the case of interest here.
Consider first the case that Vn=0. Then in the center of the cloud, the
total electric field is smaller than either the ambient field or the
field in the surrounding cloud (an effect verified with electric field
measurements during the Secede program by Schutz et al., 1974). Those
parts of the cloud in the direction of the background ExB move away from
the center, the "leading edges" while those at the opposite side catch-up
to the central portion. The number density following a fluid element
changes according to the convective derivative

o= A (7-Dn 2
At long times after release no new barium ions are forming in the main
part of the cloud and recombination is slow, so 9n/3t=0. Thus the only
changes in density occur where (V-7)n#0. 1In the backside V is parallel
to Vn so the density increases and in the frontside they are opposite
so the density decreases. The leading edges become tenious (A*»l) and

approaches the ExB velocity of the ambient medium while the backside
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becomes more dense and forms a steep gradient in density. It is this
gradient in electron density which is unstable to striation development.
To determine the sector of instability, one can thus draw a vector from
the cloud center in the direction of -(ExB).

In the mid-latitude ionosphere one can seldom ignore the neutral
wind term. However, if one transforms to a reference frame moving with
velocity Vn (the direction of the wind velocity in the plane perpendicular
to §, then the neutral wind is zero and we can use the derivation outlined
above with the electric field in the new frame given by the transformation
(Jackson, 1960)

E' = E + V xB (3)
n

where E and Vn are measured in the Earth's fixed frame. Note that B is

unchanged in such a transformation if Vn«\c. The unstable sector is

again in the —(E'xﬁ)/B2 direction. We relate our measurements to

Earth fixed quantities so we must substitute 7.3 into this expression:
v -

B xm) | -(ExE) (anﬁ)xﬁ/Bz e Gn-ExE/BZ %)

2
B~ 32

Thus to determine the unstable region we can construct this vector if we
know Gn and E. Unfortunately, viewing conditions during the experiment
were such that optical measurements of the wind from the neutral cloud
and of E from the "leading edge'" of the barium were not possible. We
can thus only show consistency with the theory, but not detailed com-
parison. Optical observations of these quantities plus the striations
made in the Secede series (Davis et al., 1974) were able to show detailed
agreement and we can have confidence that our interpretation is valid.

If we know the velocity of the cloud, YL' and the neutral wind, we
can still determine the direction of the striated region without know-
ledge of the ambient electric field or A* as follows. In the neutral
wind frame from equation 7.1 we know that the cloud velocity ?L is glven
by

2

- - - b d
V' = ( YE'xB/B” (5)
A S Y

Thus the sector of striation is in the direction -Yi which can be

*
determined without knowledge of A . To construct -V', we first determine
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?L_in the Earth fixed frame. In the neutral wind frame then
Y£=YL_vn' Thus the direction of striations should be Vn—YL. In

the cases of interest (Esther and Fern) when striations were observed,
?L was obtained from radar measurements, but we must appeal to models
for the neutral wind velocity.

Esther: Probe 51-3 detected a very strong density enhancement,
but no striations. Since we do not have a neutral wind measurement
due to the early cloud deployment in sunlit conditions, we can only
estimate the wind velocity from measurements and models constructed
for Millstone Hill (42.6°N; 71.5°W) as reported by Roble et al. (1977).
For winter season at the local time of interest the neutral wind at
release altitude is given as 94 m/s, 32° north of east. The ion cloud
velocity ?L was determined from radar measurements (Gonzales, personal
communication, 1977). The resulting vector Vn—YL_was 38° north of
geomagnetic east, while probe 51-3 passed through the south east portion
of the cloud.

Probe 51-4, however, passed through the cloud much closer to the
predicted region of instability. The radar map at 185 km is reproduced
in Figure 7.1 along with the rocket position and its direction of
travel. The position when striated plasma was observed is indicated
as is the (Vn-:L) direction.

Fern: Only one probe functioned during the Fern event and it also
detected strong striations. Detailed radar measurements are not
available, but vector Vn-YL constructed as defined above was in the same
quadrant of the cloud which the rocket penetrated. Striations were
observed for a longer time since the rocket trajectory was steeper and
hence more closely aligned with the cloud axis.

We thus conclude that the region of occurrence of the large scale
structures is consistent with the ExB iastability as a causative
mechanism.

2. Comparison With Linear and Nonlinear Theory

Before comparing the results with nonlinear theory and computer
simulations, it is instructive to see why the striations develop at all.
In Figure 7.2, the steep "backside" density gradient discussed earlier

is depicted along with a sinusoidal perturbation. The picture is drawn
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BARIUM EVENT ESTHER
PROBE ST 707.51-4
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PREDICTED DIRECTION
OF UNSTABLE EDGE

270° o

< -ROCKET POSITION
WHEN STRIATIONS
BEGAN (h=164km). \

ROCKET TRAJECTORY
IN HORIZONTAL PLANE

180°

Figure 7.1. Cross section of ion cloud (from V. Gonzalez)
and rocket trajectory for probe ST707.51-4
showing entrance of probe in striated region
and predicted direction of development of
instability.
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in the frame of the neutral wind so there is only an electric field, which
is pointed to the right, B is out of the paper, and ExB downward. The
Pedersen current flowing in the cloud piles-up positive and negative charge
as indicated until the low density region (not cross-hatched) has a large
enough electric field E+El to make the current continuous across the bound-
ary. The high density region will adjust charge to have a smaller elec-
tric field E-El and will again be such that the current is continuous.

These changes are in accordance with the conservation of charge equation
V.3 - -3p/0t (6)

which says that charge will build-up in a way to keep J divergence free.
The resulting perturbation electric fields El and —El are oriented
in such a way that the low density region will E.xB drift into the cloud

and the high density region will -Elxﬁ drift thelopposite direction. The
resulting perturbation is larger and hence will intercept even more
charge and then grow larger still, an instability.

The linear growth rate has been derived by several workers (Simon,
1963; Linson and Workman, 1970) and tested in a computer simulation by
Zabrusky et al. (1973) very successfully. As discussed below, the
growth rate, vy, is a function of wavelength but is usually normalized
to YO=E'/BL 5—1 where L is the density gradient in the cloud and E' is
the magnitude of E+anB. For E'/B equal to 100 m/s and L of 4 km,
'*xo=2.5x10_2 seconds. The earliest striation measurements made in this
rocket series were at t+42 minutes. Thus time was available for more

than 50 e-folds (eYt) of any initial perturbations. Thus the clouds

were clearly into the fully nonlinear regime and comparison with linear
theory relevant only to the question of where the striations first should
develop, and not their final amplitude nor their distribution of ampli-
tude with respect to wavelength (spectrum). In fact, it is very clear
that linear theory is deceiving in this regard since it predicts that
the shortest wavelengths grow the fastest (Linson and Workman, 1970)
whereas the observations show that the final state has more intensity
at the longest wavelengths.

The nonlinear computer simulation of late time striation develop-
ment performed by Scannapieco et al. (1976) seems most applicable to

the data. In fact. the results are in excellent agreement with the
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data. We concentrate on the Fern data here due to the longer time
interval and hence the larger number of observed structures. In order
to best compare the results to theory, we have detrended the data by
fitting a third order polynomial to the time interval t+110 seconds
to t+165.5 seconds and dividing each data point by the value of the
curve at that point. This vields a curve of relative density with near
zero mean value which is plotted in Figure 7.3. The distance scale was
determined by projecting the rocket velocity onto the direction
(Vn—gL}xﬁ. This is in the direction of the most unstable wave vectors
in the linear theorv and corresponds to the x direction in the paper by
Scannapieco et al. (1976). The projected velocity was 179 m/s. The
striations appear to have dominant power in the 1-5 km range and dis-
nlay very steep gradients.

The power spectrum of this data set has been determined by a
Fast Fourier Transform and the result plotted in Figure 7.4. A power
law is indicated with index 2.3 Y 0.2. As in all probe data this
corresponds to a one-dimensional power law since an implicit integral
is made by the detector as it passes across a two-dimensional structure.
Scannapieco et al. have numerically calculated one-dimensional spectra
for late time striations in the x direction and found an index between
2 and 3 for wavelengths between 0.6 and 12 km.

We thus conclude that the observations are in excellent agreement
with the nonlinear theory for ExB instability (k between 0.5and 10 km_l).

3. Short Wavelength Irregularities

The peaks in the spectra at high frequencies (short 1) plotted
earlier are remarkable since they appear in the otherwise undisturbed
barium plasma. Since a Langmuir probe measures a scalar quantity and
since there is no clear theoretical explanation for these waves, we
cannot even be sure of the correct mapping between frequency and wave-
number space. For any electrostatic mode below the lower hybrid
resonance, however, we expect phase velocities < the acoustic speed
which is comparable to the rocket velocity. Thus the frequency spectra
must correspond to wavelengths between 0.1~10 meters. Such waves could
have quite serious effects upon backscatter radars looking through the

disturbed medium if the wave vector were parallel or anti-parallel to
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Power spectrum of the data of Figure 7.3 (Fern,
S§T707.51-5) determined by a Fast Fourier Trans-
form (FFT). Also shown is a spectrum from a rocket
flown into an equatorial spread F condition

(Costa and Kelley, 1977).
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radar look direction.

Similar band-limited electrostatic noise has been reported by
Kelley et al. (1974); Timerin and Kelley (1977); and Kintner et al.
(1976) in the earliest stages of very small barium releases. In the
latter case there was also an electric field detector which showed that
the waves were pelarized parallel to the magnetic field direction.

This suggests an ion acoustic mode and not the flute-like mode polarized
perpendicular to B which are characteristic of the ExB, Rayleigh-Taylor
and drift wave instabilities.

Counter-streaming of the cloud ions,barium, and the ambient ions has
been suggested as a mechanism for generating ion acoustic waves. Even
in the late time case studied here, there will be counter-streaming
because of pressure gradients and the gravitational field. In the
polar wind it is thought that the ambipolar electric field due to oxygen
plasma expansion accelerates the light hydrogen ions. An estimate for

the oxygen velocity due to a barium plasma induced electric field is
IV s (7)

At 200 km, vi:7sec-land V0 12 m/s. This velocity is too low to generate

ion acoustic waves in a two-stream process.
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APPLICATIONS ASPECTS OF THE STRIATION OBSERVATIONS TO ARTIFICIAL
AND NATURAL IONOSPHERIC DISTURBANCES

~n

1. Application to Scintillations

In the preceeding section, it was shown that the experimental
and theoretical basis for the understanding of striations in large
ionospheric plasma clouds is on a very firm basis. The physical phenomena
are understood as are the detailed time evolution of the irregularities.
Further progress in understanding the propagation of radiowaves through
such striated media depends upon proper application of the physical
description to scintillation theory. The purpose of this section is
to review the recent history of such sintillation calculations and to
point out a possible mis-interpretation of the present results and the
need for a new type of scintillation calculation.

Original models of scintillation effects assumed that the irregular
medium could be characterized by some dominant scale size a, with larger
and smaller scales of little importance. In such a case the irregulari-
ties could be modeled by a Gaussian distribution about a and the weak
scattering, thin diffracting screen equations easilv integrated to yield
predictions of the scintillation effect at large distances from the
screen. Rufenach (1975) realized that the magnetic field must play an
essential role and suggested that, if indeed Gaussian, ionospheric
irregularities should at least be anisotropic. He also introduced
approximate calculations of scintillation effects due to non-Gaussian
distributions of irregularities, namely, the isotropic and anisotropic
power laws. Interest in the latter type of calculation has been high
since (1) many natural phenomena result in power law forms for turbulent
processes and (2) many in situ ionospheric rocket and satellite probes
have indicated power law distributions of irregularities (Dyson et al.,
1974; Sagalyn et al., 1976; Kelley et al., 1976; Morse et al., 1977).

These experiments have uniformly reported a power law spectrum
varying as k-z. Costa and Kelley (1977) have carried out mathematically
rigorous calculations for the anisotropic power law spectra with arbi-
trary index and introduced a third, hvbrid model, which is Gaussian
along B and a power law in the plane perpendicular to B. The hybrid

model was meant to model flute-like processes in which the plasma
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distribution along B is due to production, diffusion, and recombination
processes (such as in barium striations) whereas the perpendicular
structure is due to the instability process.

The fact that so much work has been done on power law calculations
seems to imply that propagation through k“2 irregularities is well
understood. The problem is that the ambigious k—2 spectrum may not be
due to turbulence-like irregularities at all, but to the steep edges
which develop upon the longest scale size structures. To draw an
analogy, our present interpretation of the data is that the late time
striations are more similar to breaking water waves than to the turbu-
lent eddies in a rushing mountain stream.

The difference between these two descriptions is illustrated in
Figure 8.1. In the upper plot the detrended data from probe 51-5 is
plotted as done previously in Figure 7.3. The time series of data was
then Fourier analyzed and one complex amplitude and phase determined
for each of the discrete frequencies. Then an arbitrary phase angle
was added to each of these complex numbers using a table of random num-
bers and the data was transformed back into the time domain and plotted
in the Figure. The upper plot corresponds to no change in the phase
angle and hence it returns to the original data sample. The two other
data sets are from different random sets of phase angle. Since the
phase angle does not affect the power spectrum, which is the absolute
value of each of the complex numbers referred to above, the power
spectrum of these three data streams is absolutely identical and, in
fact, has already been plotted in Figure 7.4. We contend the two
lower plots are phyvsically different from the true data and conform
to the concept of a “power law" irregularity spectrum as used in
scintillation calculations. The real data does not. The reason that
a random phase factor accomplishes this transformation is that
steepened structures require a certain coherence in the phase of the
Fourier components to produce the sharp edges. In turublence this
coherence does not exist.

This type of analysis was first used by Costa and Kelley (1973),
after a suggestion by D.T. Farley, to analyze naturally occurring

equatorial spread F which, as discussed below, is a remarkably similar
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phenomenon to late time barium cloud striation. It thus seems clear

that new models of scintillation phenomena using realistic irregularity
models are required both for propagation through the natural and arti-
ficially disturbed ionospheric medium.

2. Relevance To The Naturally Disturbed Ionosphere-Equatorial Spread F

Extensive rocket, satellite, and radio wave probing of the equator--
ial ionosphere is currently underway in an effort to understand the nat-
urally occurring phenomena called equatorial spread F. Various types
of "spread F" occur worldwide and are casued by quite different processes,
The equatorial type is one of the most interesting since it occurs far
from regions such as the auroral zone where extraterrestrial effects
complicate the theory,since it is readily accessible to experimental
study, and since it causes quite remarkable intense scintillation prob-
lems extending even into the Gigahertz frequency range. A review of
the status of equatorial scintillation and spread F theory, circa
summer 1976, has been published by Basu and Kelley (1977) with an update
to be presented at the IES symposium in January 1978 by the same authors.

The connection between late time striation of barium clouds and
equatorial spread F is clearly indicated in Figure §.2 where we
plot probe data obtained on a NASA rocket flight from Natal, Brazil.

The rocket probes detected intense irregularities on the bottomside of
the equatorial F region (Costa and Kelley, 1978). The structures are
very similar in appearance to the barium cloud data. In addition, both
sets have similar power spectra as shown in Figure 7.4 where the two
spectra are plotted, The spread F spectral index was -2.14%.15.

These data were obtained below the peak in electron density which
occurs at a relatively high altitude near the magnetic equator (~400 km).
This is the region where the disturbances orginate and are first detected
by ionosondes and backscatter radars. A remarkable feature of equatorial
spread F, however, is that the structure is not confined to the bottom-
side but burrows through into the dense topside region where they have
been detected as "holes'" or '"plumes" by satellites (McClure et al.,
1977), rocket (Kelley et al., 1976), and radar (Woodman and La Hoz,

1976) techniques. The high plasma density in this topside region coupled

with the large layer thickness accessible to the irregularity formation
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process accounts for the intense VHF and Gigahertz scintillations.

Indications of this upwelling process have encouraged several
workers to investigate the collisional gravitational Rayleigh-Taylor
instability due to the encouraging geometry on the bottomside of the
equatorial F peak, namely, g anti-parallel to Un and both perpendicular
to B. This conditions is linearly unstable to the growth of flute mode
waves. If g is parallel tohvn, on the topside for example, the waves
are linearly damped in a process almost identical in form to the back-
side instability of barium clouds (just replace ExB by g in Figure 7.2
and 3=‘p§ by 3=nm§x§/32. Under this model there is an interchange of
high density flux tubes downward and low density regions upwards. As
pointed out earlier, linear theory cannot be trusted in describing
final states and nonlinear effects become very important. As a finite
plasma hole pushes up into the topside (see the computer simulation by
Scannapieco and Ossakow, 1976), the concept of a growth rate becomes
meaningless and it is more appropriate to discuss the terminal velocity
of such structures (Ott, 1977). Note that on the topside the gxB
current continues to flow,unlike Pedersen currents which require
collisions, and hence can still supply charge to the edges of the
bubbles. Thus charge causes the internal electric field to grow.

Thus it seems that on the topside a gravitationally driven process
is necessary. This success of gravitational theories on the topside,
however, should not preclude other possibilities at low altitudes. We
contend here that the same ExB instability process which causes late
time striation in barium clouds contributes to the bottomside instabil-
ity just after sunset and for a class of equatorial spread F which
occurs during geomagnetically active periods. At other times the
gravitational process continues to operate and will cause growth of
irregularities initiated in the ExB process.

The geophysical conditions under which the ExB instability should
enhance the growth rate of bottomside equatorial spread ¥ are those
when there is a strong uplift of the F region plasma. The keyv times
alluded to above are both illustrated in Figure 8.3 reproduced from
Fejer et al. (1977). 1In this graph the vertical drift velocity of the

F region ionosphere over Jicamarca Peru is plotted along with an
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indication of times when equatorial spread F occurred (cross-hatched
areas) on several days. The pattern of vertical drift on 12-13
August 1968 is typical of the equatorial region. During the day

the ionosphere drifts upward slowly. Near sunset there is often an
enhanced upward velocity, seen this day at 1830 LT which is followed
by a reversal to downward drift which lasts all night. Farley et al.
(1970) have pointed out that initiation of equatorial spread F often
is correlated with this uplift in plasma.

We argue here that this electric field and its enhancement near
sunset plays an important role in the initiation of equatorial spread
F. Before pursuing this further, we must point out that it is not just
the increased electric field which controls the onset of equatorial
spread F. When the sun sets on the E region recombination rapidly
destroys the conductivity of that layver. This allows the build-up

of the F layer perturbation electric fields E, shown in Figure 7.2

During the davtime such fields would be shortid out by the "conducting
end plates', to use the vernacular of laboratory plasma physics.
Recombination also eats away at the bottomside of the F laver to
create a steep vertically directed gradient on the bottomside. These
three factors then play a role in the ExB instability of the equatorial
F layer; the absence of an E region, the steep vertical gradient, and
the eastward electric field.

In order to compare the relative importance of the collisional
Rayleigh-Tavlor instability with the ExB instability we have plotted
the linear growth rates of these two processes in Figure 8.4 for
the same conditions using the results of Hudson and Kennel (1975) for
the former and Linson and Workman (1970) for the latter. In making
these plots, we have chosen sunspot maximum conditions (Johnson, 1960),
a vertical drift velocity of 20 m/s (see Figure 8.3), and a gradient
scale length of 20 km which has been measured during equatorial spread F
conditions (Kelley et al., 1976). We see that in the altitude range
less than 380 km the ExB linear growth rate Yo exceeds the Ravleigh-
Taylor growth rate. This result is somewhat misleading since the ExB
growth rate decreases with increasing wavelength. However, the rocket

data indicates that the characteristic wavelength of bottomside
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structures is -5 km which for L=20 km, corresponds to kL=81. The
Linson-Workman growth rate at this value of kL isO.75\'0 which exceeds
YRT for h<350 km.

The re-initiation of equatorial spread F late in the evening on
the other three nights plotted in Figure 8 .3, may also be explained
by this process since an anomalous reversal of the vertical drift from
negative to positive preceeded this increase in irregularities. The
particular change in equatorial electric field on August 8-9, 1972
was correlated with a sharp increase in the auroral zone electric
field

The relevance of the present late time barium cloud striation
results to equatorial spread F is clear. As we have already pointed
out the spectra and space domain signatures of the two phenomena are
almost indistinguishable. The form of th~ linear growth rate is i
identical during times when the ExB instability dominates the natural
process. Even if the Ravleigh-Taylor mode is the more important linear
process (during very slow or zero upward drifts) it seems likely that
the final nonlinear state will be identical, since the ExB growth rate
decreases at long wavelength but still nonlinearly evolves into large
scale irregularities. The Rayleigh-Taylor mode growth rate peaks at

the lowest wavenumber and hence should be at least as effective as the

ExB instability in producing large scale irregularities.

It should be noted that Scannapieco et al. (1976) have pointed
out the similarity between equatorial spread F bubbles and the depleted
regions of late time barium striations. The latter propagate toward
the front of the barium cloud since they have a larger ExB drift than
the central portion which is loading down the flux tubes. The effect
should be even more pronounced than the simulation shown (see Figure 5
of Scannapieco et al., 1976), since in a one-dimensional cloud simula-
tion the dense central portion cannot polarize and must continue to

FxB drift with the ambient velocity.
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9. SUMMARY AND FUTURE EXPERIMENTAL DIRECTIONS
Summary

- We have measured late time striations in barium clouds and
found their development to be in excellent agreement with the computer
codes developed by the group at WRL. For example, they predicted the
wavenumber power law index to be in the range -2 to -3 which compares
favorably to the observed index of -2.16.

- A phase analysis of the data indicates that modeling the struc-
tures with an anisotropic power law, as typically done in existing
scintillation calculations, may not properly take into account the
physical structure of the irregularities. The power law results
from nonlinear steepening of the large scale structures and not plasma
turbulence.

- The results are remarkably similar to the bottomside instability
in naturally occurring equatorial spread F. This implies that the non-
linear development of the two phenomena are identical. We also suggest
that the ExB instability at times is more important than collisional
Rayleigh Taylor process in bottomside equatorial spread F.

- A bandlimited short wavelength instability operates in the
portion of the cloud undisturbed by the striation process. No viable
theory has been identified for this process. Depending upon the
direction of the wave vectors, such irregularities may have strong
effects upon VHF and UHF radars propagating through such a medium.

Future Experimental Directions

It can safely be said that the major process affecting large plasma
cloud development in the mid-latitude ionosphere is well understcod
theoretically and that the theories have been checked in detail by
experiment. Development of such a cloud at high latitudes may be
significantly modified, however.

The major difference of importance is the large ambient electric
field at high latitudes. The linear growth rate will, of course, be
higher by a factor of ten (for E=50 mV/m which is not atypical). This
may just decrease the time for full nonlinear development. It seems

likely, though, that modest amplitude structures will peel off the
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edges of the backside and flow in the ExB direction. Since this ambient

flow is east-west this will lead to an elongated curtain of irregularities

stretching across the sky upstream from the cloud.
3 Other processes at high latitudes may effect the cloud development.
Velocity shear ianstabilities may play a role, as may feedback from
enhanced cold plasma density onto particle precipitation on the same
field lines, and the existance of ambient irregularities.

As in the mid-latitude Stress experiment a detailed controlled
experiment at high latitudes may yield important insights into the
4 processes which create the irregularities in the natural disturbed

F region at high latitude.
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